The second order statistics of mixed mode stress intensity factors (MSIF) of single edge V-notched angle ply laminated composite plate subjected to uniaxial tensile load with uncertinity in the system properties using displacement correlation method (DCM) is evaluated. The random system properties such as material properties, crack opening and crack length are modelled as combined uncorrelated and correlated random system variables. A C nite element method (FEM) based on higher order shear deformation plate theory (HSDT) is used for basic formulation. The Taylor series based rst order perturbation technique (FOPT), second order perturbation technique (SOPT) are used and direct Monte Carlo simulation (MCS) is performed to evaluate the statistics (mean and coe cient of variance) of the mixed mode SIFs. The present work signi es the accurate analysis of frature behaviour by in uence of di erent random variables and bre orientations on the fracture behaviour in angle ply laminates.
Introduction
Advances in the technology of composite materials have led to use the bre reinforced composite materials in aircraft, automotive industries and various other engineering applications due to superior mechanical properties compared to conventional materials. A salient feature of ber reinforced composite is that they can be made to have a high resistance to the unstable crack propagation when *Corresponding Author: Achchhe Lal: Department of Mechanical Engineering, SVNIT Surat-395007, India, E-mail: achchhelal@med.svnit.ac.in Palekar Shailesh P.: Department of Mechanical Engineering, SVNIT Surat-395007, India stressed along the ber direction. This is because controlling the lamination angle and the stacking sequence can alter their structural properties leading to an optimal design. Therefore, the lamination angle and stacking sequence are the important parameters for strength and reliability of composites. The structures made of composites are often susceptible to fracture failure due to excessive stresses induced by large mechanical loads. Unlike isotropic material, fracture behaviour of orthotropic material is more complex due to presence of large number of design parameters.
For example; fracture mechanisms in bre reinforced composites for tensile load are bre pull-out, bre Bridge, bre/matrix debonding, and matrix crack. Hence, if the structure is assumed with some discontinuities like cracks and/or notchs, the accurate evaluation of the crack parameters in terms of MSIF are extremely needed for safe design.
The properties of composite materials are statistical in nature, as they are depending on a large number of design parameters during complex manufacturing and fabrication process. The statistical nature of these parameters due to inaccurate measurement results in uncertainties in the structural response. For reliable and accurate evaluation of all these parameters, the randomness in the input parameters should be quanti ed probabilistically including material properties and crack parameters. This way the variation in the predicted response may not di er much from those of the actual response and factor of safety can be minimised and corresponding load carring capacity can be maximise. Therefore, the fracture failure analysis using a probabilistic approach has become an important area of research.
In early days, to investigate applicability of classical fracture mechanics for notched bre-reinforced laminates, Bergmann et al. [1] used nite element (FE) technique to evaluate mixed mode SIFs and energy release rates of composite laminates with edge crack. The developed FE approach is proved infeasible, as the complexity of the damaged zone involved in multidirectional laminates was not addressed by the model. Chandra and Guruprasad [2] presented a nite element technique to compute the stress intensity factor (SIF) through the J-integral for patched and unpatched edge cracked and center-cracked plates, by employing ten points Gaussian quadrature integration. The stress and displacement elds in the vicinity of crack-tip are not accurately represented in this literature because of which the accuracy in the value of J decreases as the path moves near to the crack tip. Bahei-El-Din et al. [3] explained why earlier attempts to predict the onset of fracture on the basis of various modi ed fracture mechanics approaches proved unsuccessful. They used ABAQUS software together with an approximation of the composite yield surfaces indicated by the bimodal plasticity theory and analyzed the model of a unidirectional brous composite with a notch blunted by long discrete plastic shear zones. Andersons et al. [4] studied the onset of cracking at a notch in UD glass/epoxy composite in o -axis tension experimentally and theoretically by the nite fracture mechanics approach through energy failure criterion. Ju [5] and Ju et al. [6] developed least-squares method to nd the SIF of a sharp V-notch and carried out an investigation for several anisotropic materials using imagecorrelation experiments. Based on an incremental approach, Patricio and Mattheij [7] described an algorithm to predict the path of pre-existing cracks in homogeneous materials, which further can deal highly heterogeneous behaviour of periodically distributed composites. Kaman [8] evaluated the critical stress intensity factors of single edge V-notched ber reinforced composite plates experimentally and numerically by utilizing ANSYS using the displacement correlation method (DCM). The problem of the elastic stress eld close to the tip of V-shaped notches and determination of SIF has been addressed by many authors; Trei et al. [9] [10] [11] , Rudraraju et al. [12] , Filippi et al. [13] , Lazzarin and Filippi [14] , Lazzarin et al. [15] , Yao et al. [16] , Wu et al. [17] , Niu et al. [18] , Ayatollahi et al. [19] , Garcia et al. [20] and Vratnica et al. [21] .
Lei et al. [22] determined an alternative displacement extrapolation formula based on the path independent Jintegral and displacement ratios of the crack-face.They evaluated the fracture parameters of interfacial cracks in transverse isotropic magnetoelectroelastic composites. Viola et al. [23] carried out the static analysis of plane state structures with generic through the thickness material discontinuities and holes of various shapes. The authors applied the Generalized Di erential Quadrature Finite Element Method (GDQFEM). The proposed method is an extension of the Generalized Di erential Quadrature (GDQ) method and is based on the idea of conventional integral quadrature. Liu et al. [24] investigated the non-local theory solution for a 3D rectangular permeable crack in piezoelectric composite materials under a normal stress loading by applying the generalized Almansi's theorem and the Schmidt method. To study the electric and magnetic nonlinear e ect of an interfacial crack in threedimensional magneto-electro-elastic bi-materials under combined loadings, Zhao et al. [25] introduced and extended the displacement discontinuity method. For the proposed method the authors used the extended displacement discontinuity integro-di erential equations to derive the Green's functions. To describe the electric and magnetic nonlinearities the authors have adopted the electric magnetic polarization saturation (EMPS) model. Li and Viola [26] formulated the boundary value problem based upon the complex potential technique.The proposed formulation is used for the evaluation of fracture process along the interfacial central crack in the bonded two dissimilar materials subjected to biaxial loading at in nity.
At the fabrication or manufacturing stage of composites, they are prone to relatively high material property uncertainties compared to isotropic materials. For example, the bre and matrix properties, fabrication variables at all stages of the fabrication processes (such as misalignment of ply orientation, bre waviness or undulation), interlamina voids, incomplete curing of resin, excess resin between plies, and variation in ply thickness are cause of uncertainties. Along with the material properties uncertainty problems, the probability of fracture initiation, propagation, and arrest is one of the important problems in these structures. Due to this, the uncertainties in composite material properties cause uncertainties in their structural response. Therefore, for the reliable design of the composite structures must consider the randomness of the material properties along with the randomness of crack parameters.
Therefore, to adress the problems of probabilistic fracture responce of composite materials, Chopra et al. [27] presented the probabilistic multiple fracture propagation hypotheses by introducing a generalized energy criterion in terms of the so-called Hartz function H, for nonhomogeneous and anisotropic materials experiencing multiple fracture under random loadings. Rahman [28] applied a newly developed probabilistic model based on elastic-plastic nite element analysis to evaluate the adequacy of J-estimation models commonly used for fracture-mechanics analysis of ductile cracked structures. Alkhateb et al. [29] studied the quasistatic crack growth in random composites subjected to a uniaxial inplane uniform strain by utilizing two stochastic micromechanic based models. In the present models the authors have used a very ne two-dimensional triangular spring network and then the bonds which exceed a local fracture criterion are sequentially removed. Gayathri et al. [30] integrated a nite element model based rst order shear deformation theory (FSDT) with the Gudmundson matrix crack model to model the damaged laminated composite plate and conducted MCS to study the e ects of material uncertainty on matrix cracking and the probability of damage detection. Chowdhury et al. [31] employed a shape sensitivity approach with the aid of the scaled boundarynite element method (SBFEM) to investigate the sensitivity of the stress intensity factors by considering uncertainties in the crack con guration, and evaluated the reliability of cracked structures by a Monte Carlo probabilistic method. Rahman and Chakraborty [32] developed a new momentmodi ed polynomial dimensional decomposition (PDD) method for stochastic multiscale fracture analysis of threedimensional, particle-matrix, functionally graded materials and composites subjected to arbitrary boundary conditions. The developed method provides an e cient alternative to crude Monte Carlo simulation for probabilistic multiscale fracture analysis. Sobey et al. [33] presented a rapid method for reliability analysis for composite structures using MCS and investigated the probability of failure for tophat sti ened grillages structures. Lal and Kapania [34] combined the DCM with a C0 nite element method via HSDT and evaluated the second order statistics of critical stress intensity factors (SIF) of single edge notched ber reinforced composite plates by modelling the system properties as independent random variables.
It is evident from the available literature; the fracture analysis of composite laminates with V-notched cracks are very complex and need more research. Also, it is pointed out that the stochastic fracture analysis is important, to make guidelines for accurate fracture detection and practical manufacturing of composite laminate. Also, it is being observed that very few literature is available for the stochastic fracture analysis of single edge V-notched composite plate subjected to mechanical tensile loading using FOPT, SOPT and MCS via HSDT, which is important for the reliable design of cracked composite structures. In the present study, we address this problem using a probabilistic approach.
In this paper a nite element-based probabilistic fracture-mechanics method by utilizing FOPT, SOPT and by performing MCS is studied. The DCM is combined with a C nite element method via HSDT to model the Vnotched laminated composite plate. Typical numerical results are presented to determine the mean and coe cient of variance (COV) of the mixed mode stress intensity factors (MSIFs) of the laminated composite plate by assuming the system properties as the combined correlated and uncorrelated random variables. The various system properties considered are elastic properties (E , E , G , ν ), lamination angle (Θ) and crack parameters such as crack length (cl) and crack opening (co). The present estimates of the MSIFs for the randomness in the observable system properties can be used for developing more robust damage/fracture detection algorithms. These results can become as a benchmark for future studies.
Mathematical formulation
In the present analysis a rectangular laminated composite plate with single edge V-notch is considered. The plate is subjected to constant uniform tensile load at one edge, with the bottom edge clamped. The plate is meshed by isoparametric quad eight noded elements as shown in Figure 1(a). The isoparametric quarter point elements with characteristic length ∆b of the element as explained in [8] are located around the crack tip as shown in Figure 1 (b), so that the singularity of stress and strain elds can be modelled accurately. It is assumed that a perfect bonding exists between the layers so that no slippage can occur at the interface, and that the strains experienced by the bre, matrix and the composite are identical. It is also assumed that the composite behaves like homogeneous composite material and the e ects of the average constituent materials (i.e., matrix and ber) are detected simultaneously.
. Displacement correlation method (DCM)
The DCM is one of the simplest methods used to evaluate the SIFs for isotropic and orthotropic materials [8, 29] . It consists of correlating numerical results of longitudinal and transverse displacements using sliding relative displacement (CSRD) at speci c locations on the crack surfaces [8] and [35] . In the present analysis numerical values of displacements along the crack surfaces are determined by C nite element method via HSDT by using isoparametric quarter point elements as explained in the following section. In the isoparametric quarter point nite element model, at the crack tip, the crack opening displacement (COD) and the crack sliding displacement (CSD) are given by [8] and [35] .
Consider two points A, and B on opposite crack surfaces, which are at the same distance from the crack tip as shown in Figure 1 (b). The resulting CSRD for MSIF can be obtained by simple superposition of the results from the two separate single modes, where COD is the crack opening displacement and CSD is the crack sliding displacement . For quarter point singular elements as shown in Figure  1 (b), mixed mode SIFs can be estimated as follows using the COD and CSD as [8] and [35] [36] [37] [38] [39] [40] 
where ∆u , ∆u and ∆v , ∆v are the relative displacements at the crack tip in the x− and y− directions at locations (3, 4) and (5, 6) , r is the distance from the crack tip along the x direction, and ∆b is a characteristic length associated with the crack tip elements. A, B, C and D are given by
Displacements at the crack tip along x− and y− directions can be written as [8] 
The parameters p k and q k (k = , ) are given by
where
If an isoparametric plane element is used, input parameters for ANSYS program are only plane engineering constants of the laminate (Ex , Ey , Gxy and vxy) obtained from classical plate theory. In this situation, Ex is parallel to the x−axis and crack and material axes coincided with each other and the plate is under the e ect of pure mode I loading i.e., only K I appears in calculations and the numerical values of K I is equal to the fracture toughness (K I ) plane [8] . However, when MATLAB code is used the SIFs K I and K II both appears and can be evaluated using Equations (2) and (3).
. Displacement eld model
In the present study as explained earlier, to calculate numerical values of displacement of the plate and crack face, the Reddy's higher order shear deformation theory using C continuity is transformed into C continuity by assuming derivatives of out-of-plane displacement as separate degree of freedom (DOFs). The modi ed displacement eld with C continuity along x, y and z directions for arbitrary laminated composite plate are now written as [41] [42] [43] 
where u, v and w denote the displacements of a point along the (x − y − z) coordinate axes, u, v, and w are the corresponding displacements of a point on the mid plane, ϕ and ϕ are the rotations at z = of normal to the midsurface with respect to y and x, axes, respectively. The parameters Θ (= w,x ) and Θ (= w,y ) are the slopes along x, y axes, respectively considered separate DOFs by assuming C continuity and (,) denote partial di erential.
In the Equation (8), the function f (z) and f (z) can be expressed as [43] 
with
The displacement eld vector for the modi ed C continuous model is denoted as
For the crack structure considered here, the relevant strain vector consisting of strains in terms of mid-plane deformation, rotation of normal and higher order terms associated are written as [42] 
and
The stress vector can be written as
is the elasticity matrix. The potential energy of laminate is written as [42] 
where D is the laminate elastic sti ness matrix [42] . The potential of the applied uniformly distributed tensile loading q(y) along the y-direction can be written as:
where, Ny , b and w are the in-plane stress per unit length, width and transverse displacement, respectively.
. . Finite element model
The nite element method (FEM) is a numerical technique being used for nding an approximate solution to wide variety of engineering problems through variational approach. In the present paper eight nodded isoparametric elements with seven degrees of freedom per node is employed for nite element plate modelling.
where N i , q i , x i and y i are the interpolation function vector of unknown displacement, and cartesian coordinate of the i th node respectively. NN is the number of nodes per element in the discretized mesh. The linear mid plane strain vector as given in Equation (11) can be expressed in terms of mid plane displacement eld and then the energy is computed for each element and then summed over all the elements to get the total strain energy. Following this, and using Equation (19) , Equation (16) can be written as [42] 
where, NE is the number of elements and U (e) is the elemental total potential energy. The parameters {q} and (k) are the global displacement vector and plate sti ness matrix, respectively. Similarly, using nite element model Equation (19) and Equation (17) , the external work done due to in-plane mechanical loading can be written as [42] 
where F is de ned as elemental load vector (arises due to external mechanical loading) and is de ned as: [43] 
Adopting Gauss quadrature integration numerical rule, the plate sti ness matrix, displacement and load vectors, respectively, can be obtained by transforming expression in x, y coordinate system to natural coordinate system ξ , η. For the present analysis, the full (3 x 3) Gaussian quadrature integration rule is used for computing the stiness matrix and load vector of the plate.
The governing equation for static analysis of laminated composite plate can be derived using the variational principle, which is a generalization of the principle of virtual displacement. For the static analysis, the rst variation of the total potential energy (Π) with respect to displacement must be zero.
Substituting, Equations (20) and (21) into Equation (23), one can obtain [43] [K] {q} = {F}
The nodal displacement {q} can be computed from Equation (24) . Substituting nodal displacement into Equation (10) and computing the nodal displacement eld vector with all degrees of freedom. The nodal strains and stresses are then computed using Equations (11) and (15) .
Equation (24) is the static equation which is having randomness in nature because it is dependent on the system properties which are also random in nature. In deterministic approach, the Equation (24) is evaluated using conventional approaches. However, in probabilistic/random approach, it is not possible to solve the problem using the above mentioned methods without changing the nature of the equation. For this purpose, novel probabilistic procedure based on mean centered FOPT, SOPT and MCS methods are used.
MSIF statistics response for multiple random variables
In the present paper, to quantify the stochastic response of MSIF evaluated from above formulation, the methodologies such as perturbation techniques (FOPT and SOPT) are adopted and direct MCS method is applied to verify the obtained results. The FOPT and SOPT are based on Taylor series expansion, used to formulate the relationship between some characteristics of the random response and random parameters on the basis of rst and second order perturbation technique. The applicability of this technique is limited due to dependency of the lower order polynomial. The detailed explanation of this method is given in next section 3.1.
The methodology MCS is used to simulate the numerical experiments by the generation of a number of samples of random system properties to present the randomness in the structural parameters. These random sample numbers are substituted into the response equation again to obtain a set of new random samples which re ects the randomness in structural response. However, MCS is computationally expensive method to solve the structural problems consisting of defects like cracks. This problem can be overcome with the help of adopting adaptive sampling techniques [44, 45] .
. First and second order perturbation technique
The governing Equation (24) can be written in the most general form as [43] 
where [K * ], {q * } and F * are represented as the random sti ness matrix, the random response vector and the random force vector, respectively. The operating random system variables in the present case can be expanded using Taylor series about the mean values of random variables up to second order [42, [46] [47] [48] i represents the rst and second order derivatives evaluated at α = , e.g.:
where α i , and α j are the random system parameters. Substituting Equation (27) in Equation (25) and collecting the similar order of terms, following equations are obtained
Obviously, Zeroth order Equation (28) is the deterministic equation and gives the mean response. The rst order Equation (29) and second order Equation (30) represent its random counterpart and solution of these equations provides the statistics of the response. Substituting rst and second order random static Equations (29) (30) in Equations (2-3) and evaluate the standard deviation of SIF (K) in terms of rst mode SIF (K I ) and second mode SIF (K II ).
From these, the mean and covariance matrix of de ection q can be obtained as [49] and m are the standard deviation (SD) of random variables, the correlation coe cient matrix and number of random variables, respectively. In the present analysis, the correlated and uncorrelated Gaussian random variables are taken into consideration. Therefore, covariance is equal to the variance. The variance of the SIF of random variables b i (i = , , . . . , R) and correlation coe cients can be expressed as
The square root of the variance is known as standard deviation (SD). The coe cient of variation (COV) of MSIF is evaluated by the ratio of SD to expected mean of the MSIF. In the present study, the expected mean of SIF and corresponding variance (COV) are evaluated by Equation (31) and Equation (32), respectively.
Results and discussion
The results are presented in two main sets: (I) In the rst set the validation of the present study is carried out. In this set the fracture toughness (K IC ) values are obtained by combining DCM with HSDT for a rectangular single edge
and are compared with with the experimental fracture toughness K IC values available in literature [8] .
(II) In the second set, probabilistic study is carried out for nding the e ect of di erent coe cient of correlation (COC) in the random variables. For this the system properties like, crack length (cl), crack opening (co), lamination angle (θ) and material elastic properties (E , E , G , υ ) are considered as independent, combined uncorrelated and combined correlated random variables. The results are obtained for the mean and coe cient of variance (COV) of mixed mode SIFs (K I and K II ). The results are presented for the mean and COV by FOPT, SOPT and MCS methods for nding the e ect of di erent random variables considered in this study.
. Validation and convergence study
To show the accuracy and e ciency of the present method, validation and conversion study is carried out by developing a computer program in MATLAB [R2012a] environment. For comparison purpose the results are obtained by utilizing ANSYS 13 software also. The dimensions of the plate used unless otherwise stated are length (a) =203.2 mm, width (w) =18 mm, total thickness (t) =1.235 mm with crack length (cl) = 9 mm and crack opening (co) = 4 mm as shown in Fig.1 (a) and explained by Kaman [8] . The plate is subjected to uniform tensile loading acting on the top edge, with the bottom edge clamped. The material property for laminated composite plate used in the present analysis is shown in Table 1 unless otherwise stated. The results of this study are compared with experimental fracture toughness/failure load values as given in Table 2 available in [8] .
The convergence study of fracture toughness of rst mode SIF K IC of laminated [
notched plate is carried out and shown in Table 3 with different mesh size. From Table 3 it is evident that the present FEM approach is converged well at 2089 number of elements. Therefore, 2089 elements are used for further computation of the results. [8] .
As explained earlier the results are obtained by developing the MATLAB program and also by utilizing AN-SYS 13 software. The numerical resuts are presented in Table 4 . From the examination of Table 4 , it is observed that the present results obtained by MATLAB program based on DCM combined with HSDT are in excellent agreement with the results of experimental study presented by Kaman [8] . Also, the good agreement is observed between the present results obtained by ANSYS 13 software and the results of ANSYS 11 software as utilized in [8] . The results obtained in both the cases by ANSYS software which are based on classical laminated plate theory, are lower than the results of experimental study. This may be due to, the neglect of the shear deformation. Therefore, for further computation of numerical results, MATLAB program based on HSDT is used. 
. Validation study of probabilistic SIF
To check the validity and e ciency of present probabilistic results of mixed mode SIF for di erent lamination schemes, di erent probabilistic approaches such as FOPT, SOPT and MCS are used in this paper. The purpose of using three stochastic approaches is to check the validity of present results due to unavailability of stochastic results. For the MCS approach, a set of random numbers of random system parameters is generated rst to represent the statistical uncertainties in the structural parameters using normal Guassian distribution. These random numbers are substituted into the response equation of mixed mode SIF to obtain again a set of sample of random numbers. The mean of sample of random numbers is known as mean mixed mode SIF and standard daviation (SD) of sample of random numbers is known as SD of mixed mode SIF. The coe cient of variance (COV) of the response is calculated by the ratio of SD to mean of the response. A sufcient set of random numbers is generated for statistics (mean and COV) of structural response on the basis of convergence study.
Therefore, for validation and to choose the numbers of samples to be used for present MCS approach, the convergence and validation study of MCS is carried out. For this study a single edge V-notched composite [
plate with randomness in the material property E having COC (=0.05) i.e., 5% deviation form its mean values is considered and the results are presented in Table 5 . It is observed that the present MCS results for mean and COV of MSIF are converged with 10,000 number of samples, therefore for further study 10,000 samples are used for MCS. Again it is observed from Table 5 , that the results obtained for mean and COV of MSIF through SOPT are in good agreement with direct MCS. The basic system random variables (b i ) used in the study are de ned as
where E , E , G , υ , θ, cl and co are Young's modulli, shear modulus, Poisson's ratio, lamination angle, crack length and crack opening, respectively.
The following, normalized rst and second mode SIFs KI and KII are used in the present analysis.
The following boundary condition is used in the present analysis:
. E ect of individual random variables on the normalized mean and COV of SIFs K I and K II of single edge V-notched composite [
In this study the e ect of individual uncorrelated random system properties {bi, (i = ) = . and . } on the normialized mean and COV of mixed mode SIF of rectangular [
• ] laminated composite plate using FOPT, SOPT and MCS are examined in Table 6 . The results obtained for mean and corresponding COV of FOPT, SOPT and MCS of MSIF are in good agreement. This shows the e ciency of present approaches. From the Table 6 it is observed that for the di erent COC in randon input variables, mean value of rst mode SIF is higher and corresponding COV is lowered as compared to second mode SIF. Among the di erent random variables (RV), the plate is more sensitive to random change in crack length, crack opening and lamination angle as compared to other random system properties. Therefore, it is concluded that tight control of these system properties is required for high reliability of V-notched laminated composite plate.
. Probabilistic study of mixed mode SIFs K I and K II of a nite [
As results of previous study reveals that tight control of crack parameters crack length, crack opening along with lamination angle are required for high reliability of the cracked plate. Therefore, in present study the in uence of these three random variables as discussed above on the fracture behavior of di erent angle ply laminated composite plate with single edge V-notch is carried out to nd the in uence of angle-ply ber orientations. In this study the computation of stochastic results in terms of mean and COV using FOPT, SOPT and MCS, by considering crack parameters{b i (i = and ) with COC= . } as random variables is carried out. The same geometry of Vedge notch crack and plate dimensions as explained previously, with a lamination scheme [ The in uence of combined RV's by considering combinations of variables as {bi(i = , , , and ), (i = and ) and (i = and )}are used, which are considered as combined correlated and combined uncorrelated random variables with COC equal to 0.1 and correlation factor COR is equal to 0.5. The COR which is a measure of the degree of correlation between process values at di erent times/spaces between two random variables RV and RV with positive variance, it is always bounded between -1 and + 1 [50] . The realization with COR = 0.5 shows that less strong correlation between neighboring observations therefore we used COR=0.5 for computations. Table 7 and Table 8 examine the e ect of uncorrelated and correlated random system properties on the mean and COV of the [ 
Conclusions
The present study evaluates the stochastic fracture characteristics of the single edge V-notched symmetric angle ply laminated composite plate by using nite element method. The FEM is utilized by combining DCM with C From the numerical results and discussion it is concluded that the randomness in the crack parameters such as length, opening and lamination angle have a dominant e ect on the fracture analyasis of the laminated composite plate. It is also observed that the the plate with
RV LS
• lamination angle is highly desirable from the reliability point of view because maximum value of the mean and corresponding COV of the SIF K I is at • lamination angle. This brings out the importance of consideration of lamination angle as an important parameter from the design point of view. The combined uncorrelated random parameters are more sensitive than the combined correlated random variables which indicates that there is strong dependencies of these random variables with each other. Therefore, it is concluded that tight control over combined uncorrelated random system properties is required for high reliability of a laminated composite plate with V-notch.
